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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS:

RESEARCH MEMORANDUM

EFFECTS OF HIGH-LIFT DEVICES AND HORIZONTAL-TATI. L.OCATION ON
THE LOW-SPEED CHARACTERISTICS OF A LARGE-SCALE 45°
SWEPT-WING ATRPIANE CONFIGURATION

By Relph I.. Maki and Ursel R. Embry

SUMMARY

A low-speed investigation was made of & large-scale model with a 45°
swept wing of aspect ratio 3.5 and taper rstioc 0.3. Wing-fuselage config-
urations with high-1ift devices designed to delsy the occurrence of
stalled flow to & specific high 1ift coefficient (1.4) at a specific angle
of attack (14°) were tested. Tests with several vertical positlons of a
horizontal tall were made to determine the effects of tall height on the
wilng-body-tail pltching-moment characteristics after the appearance of
stalled flow.

The method outlined in NACA RM A51E15 for estimating the 1ift coef-
ficlent for initlal section stall wes used to select combinations of high-
1lift devices capeble.of providing the required wing lift increments to
meet the design criteria. Lift-coefficient values predicted by the method
were increased by an emplrical factor to account for the consistent con-
servatism of the method. Double-slotted trailing-edge flaps and leading-
edge slats and two section modifications were selected for testing. The
measured results gave vealues of 1lift coefficient for initial section
stall within 0.0l to 0.08 of the predicted values for the high-1ift con-
figurations. The basic model (no high-1ift devices) showed the largest
deviation (0.12).

Tests of the model with the horilzontal tail at various vertical loca-
tions showed that the lowest height tested (in the wing-chord plane,
extended) hed the most favorsble effects in counteracting the unstable
wing-fuselage pitching-moment characteristics at high lifts. Moderstely
large rolling-moment coefficients (0.02 to 0.03) were measured for the
model with cambered wing leaeding edges and flaps deflected. A half-span
wing chord extension tested on one of these configurations successfully
reduced the rolling moments.
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INTRODUCTION

A major problem in providing satisfactory low-speed aserodynamic char-
acteristics of sweptback wing alrcraft is that of overcoming the adverse
effects of stalled flow occurring considerably prior to meximum 1lift.
Two general approaches have been used; namely, (1) delay the occurrence
of stalled flow to higher 1ifts, and/or (2) alter the location and rate
of progression of the stalled flow. Delays in the occurrence of stalled
flow to higher 1lifts have given the expected result of corresponding
delays in the deterioration of the stability, control, and drag charac-
teristies; the variations of the characteristics when stalled flow even-
tually appears and spreads have generally been found to be unchenged.
Alterations in the locatlon and rate of progression of stalled flow have
been effective in providing improved longitudinal and lateral-stability
characteristices after stall. ’

The investigation reported herein was concerned with means of delay-
ing stalled flow and means of allevliating the effects of stall on the low-
speed aerodynamic characteristics of an airplane model with a 45° swept-
back wing of aspect ratio 3.5. A cursory review of current swept-wing
airplanes showed that a landing speed of 120 miles per hour, a ground
angle of 14°, and a landing wing loading of 50 pounds per square foot were
representative values. To approximate these conditions, the design cri-
terion for the model was chosen to be a wing 1lift coefficient of 1.k at
14° angle of attack. The primary phase of the investigation was directed
toward avolding any changes in the general character of stability, con-
trol, and drag up to this 1ift coefficient.

A deslgn study is made hereln to determine promising wing modifica-
tions and high-~lift devices. To obtain guantitative estimates of the
effectiveness of various wing modifications and high-lift devices 1in pro-
viding delays in the occurrence of stalled flow, use 1is made of the method
of reference 1, modified to a certain extent on the basis of experience in
its use. The study indicated that the lift and stall-delay requirements
would be satisfied by use of either a full-span sirfoil-section modifica-
tion or a full-span slat, 1n combination with a pertial-spen, conventicnal-
type, trailing-edge flap. It had been concluded from preliminary studies
that the use of stall-control devices to avoid the probable "pitch-up”
changes in wing moment after stall would very likely prevent the attalin-
ment of the required 1lift and the delay in stall. Investigation of means
of providing "pitch-down" changes in sirplane pitching moment after stall
is confined, therefore, to the determination of the effect of vertical
location of the horizontal tail.

The report presents the results of tests made to evaluate the effect
of airfoll modifications, slats, and trailing-edge flaps (selected on the
basis of the design study) on the 1lift, drag, pitching-moment, and rolling-
moment charscteristics of the model at zero sideslip. Comparisons are
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made of the measured and predicted effectiveness of the modifications and
high-1ift devices in providing the required 1ift and delay in stall. The
measured effect of vertical location of the horlzontel tail is examined
and discussed. A brief study of a partial-span chord extension is dis-
cusged in connectlon with the rolling-moment characteristics.

NOTATION

b2
A aspect ratio, 5
b " span
c wing chord, measured perpendicular to the wing quarter-chord
line
cy tail chord, measured perpendiculer to the tail querter-chord
line
c! wing chord, measured parallel to the plane of symmetry
_ fb/2 C'Zdy
c mean aerodynamic chord, - ____
fb/2 c'ay
Cp dreg coerfficient °
¢y, 1ift coefficlent, referred to basic wing area
CLa additional 1ift coefficient due to angle of attack sbove o°
Cr, 1ift coefficient for initial sectlon stall
ch increment of 1ift coefficlent at o® angle of attack due to
flep defliection
aCr,
CL@ lift~curve slope, T
cy section 1ift coefficient
cy maximum sectlon 1ift coefficient
) rolling~-moment coefflclent
Cn pitching-moment coefficient referred to & point in the wing-

chord plane at the longitudinsl station of the wing panel
e/ points :
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D drag
i horizontal~-tail incidence, measured parallel to the plane of
symmetry
L R _ )
A N
R Reynolds number, v " :
S area
v free-gtrean veloclty
Y spanwise dilstance from the wing center line
z dilstance above the wing-~chord plane
o free~gtream angle of attack measured with respect to the
wing~chord plane
%Y - free-gtream angle of attack corresponding to CLl
€ effective angle of downwash, measured with respect to the
free-stream direction
2
n gpanwise statlon, T?
v kinematic viscosity

MODEL AND APPARATUS

Figure 1 is a three-view sketch of the model, showling pertinent
dimensions. Table T is & list of the important geometric data. Table II
glves the surface coordinates of the sirfoil section used.

The forward 20-percent and aft 35-percent chord of the wing panels
were removable; the auxilliary leading- and trailing-edge devices were
mounted by removing plain portlone and attaching others bearing the
devices. The leadling-edge slats and modified sections covered the full
exposed span of the wings. The chord extenslon was added to one of the
cambered leading edges from QC. 5b/2 to the wing tip. Extension of the
glats normal to 0.25c Introduced an inboard gap as shown 1n figure 1.
The trailing-edge flaps extended from 0.159 to 0.693b/2, measured at the
82.5-percent~chord poimts. Details of the auxiliary devices are shown
in figure 2; the surface coordinates are given in tables III, IV, and V.
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The tests were made in the Ames 40O- by 80-foot wind tumnel. Figure 3
is 2 photograph of the model in the test section. Aerodynamic forces were
measured with the tunnel six-component balance system.

TESTS AND CORRECTIONS

Lift, drag, pltching-moment, and rolling-moment data were obtained at
a free-stream dynamic pressure of 37 Ib/sq ft. The Mach number was about
0.16, and the average Reynolds number was 10 miliion, based on the wing
mean aerodynasmic chorde.

The data have been corrected for streasm-angle inclination, wind-

tunnel-wall interference, and the approximate interference effects of the
support struts. The wall-interference corrections added were as follows:

ap = 0.5 Cp
Cpy = 0+010 C*
Cope 0.00k Cp, (teil-on date only)

DESIGN STUDY

The requirements were that the wing should resch & lift coefficilent
of 1.% at 14° angle of attack, without evidencing local section stall.
With the specified 1ift condition a complete alrplane with 50 Ib/sq £t
wing loading would have a landing speed of about 120 mph at a ground
angle of 14°.

Calculations were made to determine the typese of trailing-edge flaps
that might be needed for the wing-fuselage configuration to reach the
degign 1ift at the prescribed o, assuming that local section stall would
not occur. Having established a sultable tralling-edge f£lap, estimates
were then made to determine leading-edge high-11ft devices or airfoil
modifications that would provide the required delsy in stzll.

Selection of Tralling-Edge Flaps

The detailed selectlion of the tralling-edge flaps was made in the
following manner: The 1ift increment due to angle of attack was cslcu-
lated using the theoretical wing lift-curve slope given by reference 2
for this wing plan form. This calculation indicated a C; of only 0.73
would be obtained at o = 1%°. (For this and succeeding calculations,
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the effects of the fuselage were assumed to be minor and were disre-
garded.) The tralling-edge flaps would thus have to provide an increment
of Cp, of 0.67 at a = 14°. The 1lift increment, CLe, given by flaps of
verious types and area distributions at o° wing angle of attack were
determined by the theory of reference 3. It was considered that the
increments would be applicable to the design o of 14° since section
stall was to be prevented up to that " o«. The variation of Cp, with

flep span for several types of flaps, each having a chord of 0.25 wing
chord and geometrically arranged for best cyp.., 18 1llustrated in figure
y, It wae evident that if flap chords were to be kept to reasonable size,
only double-slotted flaps would give the réquired increment of CL of

" 0.67. (Boundary-layer-control methods were not considered.) 5 25~
chord double-slotted flap represented in figure 4 would serve if the out-
board termination were near 0.7 semispan; this flap was selected for B
testing. - E—

Selection of Leadling-Edge Devices

The following procedures were used to select the leading-edge devices
and airfoll modifications to provide the requlred delsy in initial section
stall: The predictions of the C; for initial sectlon stall were based
on the method of reference 1. In this method, two-dimensional eirfoil .
data are appllied by use of simple-sweep-~theory concepts and spen-load '
theory. Considerable experience 1n applying this method has indilcated
that it consistently underpredicts the 1lift coefficlent for initlal sec- -
tion stall on sweptback wings. A study was mede of avallable data for
geveral swept-wing configurations, to obtaln a quantitative estimate of
the underprediction. The results are summarized in figure 5. The plan
forms represented have angles of sweep from 30 to 60°, aspect ratios from
3.4 to 8, and taper ratios from 0.31 to 0.58. From the figure, the fol-
lowing Bimple percentage corrections were obtained:

CLl (adjusted) = K X CL, . (unadjusted)
where . T . N LT

K
K

1.25 for unflapped wing
1.15 for flapped wing

For the basic model with the double-slotted flaps deflected, CLl
was predicted to be 1.1k, and «, predicted as 9@, The calculstions

were based on a two-dimensional c of 2.62 for the section with
flap, taken from the data in reference 4 without tunnel-wall correctilons. o
The limit c; distribution outboard of the flaps was drawn by the .

method suggested in reference 1. The span distribution of c¢3 at CLl
for this flap span is shown in figure 6 as the solid curve.
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Also shown in Ffigure 6 (dashed curves) is the span distribution of
¢; required to give a CLl of 1.40. (Note that the empirieal ad just-
ment to the method of reference 1 is made subsequent to drawing the locad
diagrams, so that for a GLl of 1.40, the ¢y distribution is drawn for
a Cy of l.22,) The peak cy value on the design lift distribution 1s
1.57, indlcating that a two-dimensional ¢ of 3.14 would be required
for the section with flsp or an additional "¢3 increment of 0.52 above
the iy of 2.62 reached by the section with & flap.

Of the possible high-lift leading edges, slats and leading-edge mod-
1fications were considered. Experimental two-dimensional datas were
available for the NACA 64A010 section with & slat (ref. 4 and unpublished
data). These were used directly to calculate the effect of slat span on
CLl' The results of the computations ere shovm in figure 7. This plot

Indicates that if the slats extended from the tip inboard to 0.28 semi-
span or farther, the wing would exceed the design condition with a CLl
of 1.k6. '

As no experimentel two-dimensional data were avellasble at the time
of deslgn for modified leading edges, estimated values of Clmax for

several modlifications were obtained as follows: The peak value of the
theoretical pressure distribution (determined by the theory of ref. 5,
modified as suggested Iin ref. 6) for the NACA 64A010 section at its

experimental Clmax Vs computed. Theoretical pressure distributions

for the section with various increased leading-edge radiil and camber
were computed for which the pesk pressures were equal to that for the
unmodified section. The e¢; values obtained from these pressure dis-
tributions were used as c3 values. Two modified leading-edge
designs were chosen with es ted lmax values of 1.62 and 1l.71.

(See fig. 8.) The increment of cyp,, Drovided by the flap on the NACA
64A010 section (1.52) wes assumed to be dlrectly sdditive to the CImax
of the sections with modified leading edges. Thus, the flep-deflected
c;max's .Por these sections were estimated as 3.14 and 3.23, respectively.
The camber wes restricted to the far-forward portion of the chord in one
case in the bellef that this would offer less chance of adverse high-
speed effects. The second modification hed more camber than the first,
with the camber distributed over a greater portion of the chord. These
modifications will be referred to as the 1- and the 2-percent-camber
sections, respectively. The predicted values of Cy, for the wing with

these modified sections were 1.40 and 1.45 (with flais deflected), respec-
tively.
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RESULTS AND DISCUSSION

Lift and Dreg Characterlstics

The 1ift and drag characteristics of the wing-fuselage configura-
tions are presented in figure 9(a) for flaps up and flaps down. The
effects of the horizontal tail on the lift and drag are shown in figures
10 to 1k,

Of primsry interest in the wing-fuselage results are the character-
istics of the configurations wilth high-11ft devices compared with the
design criterion of Cp, of 1. b at a3 of 14°. Predicted and measured
values of Cr, and ay for these configurations are shown in the follow-
ing teble:

[ 1
Leading CL, den
edge . Predicted | Measured | Predicted | Measured
Slat 1.46 1.45 15,1 14.8
l-percent
camber 1.40 1.32 13.9 11.9
2-percent *
cember 1.45 1.41 1%.9 13.6

The measured values of CLl were selected as the points at whilch the drag

data indicated the occurrefice of section stell. Two of the conflgurations

reached the required 1ift coefficient and closely epproximated the pre-

scribed angle of attack. The third configuration, with the l-percent-

camber sections, fell short of the deslgn condition by an increment of

C;, of 0.08, or only 6 percent of the design value. It will be noted

that the predicted Cy,, values are in each case slightly higher than . . -
the measured values. %he differences in the «; values are somevwhat

larger, reflecting a smaell difference between theoretlical and measured

lift-curve slopes.

A sumary of the results for all wing~fuselage configurations tested
is shown in teble VI. The improvements in the predicted CL values when

adjusted by the empirical factors are evident in the table. The largest

error is for the basic wing configurstion. It will be noted that the

unflapped configurations tend to be underpredicted and the flapped con- h
figurations overpredicted, even though the larger percentage adjustment '
vwas applied to the former group. The theoretical value for Cr, of 0.67
agrees wlth the measured value (fig. 9).  In general, these results,
together with the correlations shown in figure 5, show that this procedure
can be used with conslderable confidence for a rapid estimation of Cr,

and oy for & large range of plan forms. «
. S, 1
TR T
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Pitching-Moment Charscterlstica and Effective Downwash

Pitching-moment characteristics.- The pitching-moment-coefficilient
curves for all the configurations with the horizontal tail off had changes
in slope in the positive direction beyond CL The expected result was
thus obtalned that the use of full-span slats aud airfoil modifications
would not alter the general character of the plteching-moment variastions
after stall finally begins.

The results of the tests of the model with the horizontal tall on
(figs. 10 to 14) show that the low tall position (in the extended wing-
chord plane) was best from the standpoint of the pitching-moment vearia-
tions beyond CLl' This was true for all model configuratlions tested.

A recent study of a model with a wing of simlilar plan form, reported in
reference T, lndicates that further improvement would be obtained with the
horizontal tsil scamewhat below the wing~chord plane. Comparisons of the
1ift and pitching~moment characterisiics of the verious wing configura-
tions with the horizontal tail in the extended wing-chord plane are gliven
in figure 15.

Stabillizer effectliveness and effective downwash.- The effect of
verying the tall incldence was investigated on one configuration; the
test results are shown in figure 16. The average value of stabilizer
effectiveness obtained from these data was assumed to be valid for all
configurations throughout the angle-of-attack range and was used to obtaln
the effective downwash values shown in figure 1T7. This method of calecu-
lation was consldered sufficlently accurate to allow a qualitative com-
parison of the downwaesh effects. The variation of the downwash with
vertical location of the horizontal taill gppears to be the reason for the
differences in the effect of the horizontal tall. The increase of down-
wash with o for values of o above a3 was much greater for the mid-
dle and high tail positions, indicating that the 1ift contributed by the
tall was reduced or even reversed as the horizontal tail was raised.
Hence, the pitching-moment contributlions of the tail became more adverse
as the tail was raised.

Rolling-Moment Characteristlcs

Swept wings tend to stall Inltielly near the wing tips, so any asym-
metry in the start or the progression of the stell willl develop large
rolling moments. The study reported in reference 8 discusses a czse where
the effects of such rolling moments dominated pilot's opinions of the |
suitability of the airplane stalling characteristics, overshadowing any’
effects of the longltudinel instebility of the test sirplane. The air-
plene rolling-moment characteristics measured statlcally in the Ames
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ko=~ by 80~foot wind tunnel correlsted @irectly with pllot's opinions of
the severity of the stall. It therefore becomes worthwhille to examine
the rolling-moment characteristics of the model of this study to deter-
mine qualitatively i1ts probable ascceptability from the standpoint of
rell=off at the stall,

The rolling-moment-coefficlent curves for all configurations are
glven in figures 9 to 1k, Thoee configurations wilth eilther of the cam-
bered leading edges with flaps deflected developed maximum C; values
of 0.02 to 0.03 at the start of the stall. Maximum C; values were
generally less than $0.01 for the rest of the model configurations.
Stall acceptability for the range of C; values from 0.0l to 0.03 was
classified as marginal for the alrplsne of reference 8. Differences in
control effectiveness and alrplane rolling moments of inertia from one
airplene to another may alter the limits of acceptable rolling-moment
coefficient somewhat. However, for an airplene of the type represented
by this model, these differences would not be expected to be large
enough to alter the acceptable C; 1limits meterislly. It is of inter-
est to note that the larger C; values occurred with those configura-
tions exhibiting less rounded lift-curve peaks. This agrees with the
discussion in reference 8.

The ebility of a pertial-span, wing, leading-edge, chord extension
to improve the rolling-moment characteristice at high 1ifts 1s demon-
strated in figure 18. It shows that with & half-span chord extension
added to the wing with 2-percent-camber sections and flaps deflected,
the maximum measured €3 value was reduced from 0.027 to less than 0.01.
It will be noted that the drag penalty accruing from use of the extension
was negligible. The large gains in Cr, (about 0.05 delay in drag break)
and maximum Cy, (about 0.1) are deceptive because these coefficlente are
referred to the area of the basic wing. The rather large chord extension,
which increased the wing area by 8 percent, was used to insure the demon-
stration of €7 improvement without undue testing time.

Performance Characteristics

Some indication of the landing-approach performence characteristics
for the model is shown in flgure 19 by the lift-drag-ratio curves and
the glide sink~speed grid superpocsed on the drag polars of the conflgura=-
tions with the low horizontal tail. Figure 20 shows the 1lift character-
istics of the model trimmed with a center of gravity located at 0O.31cC.
Values of C1,, are reducéd by about 0.12 from the untrimmed values for
the flaps~deflected configurations. '
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CONCLUSIONS

Tt has been shown that the 11ft coeffilcient for the onset of stalled
flow on a sweptback wing, with and without high-1ift devices, can be pre-
dicted by the use of two-dimenslonal data, simple-sweep concepts, and
span-loading theory. Tests showed that a k59 gwept-wing model using high-
1ift devices, with the design based on predictions by this method, met
specified lift-coefficient and angle-of-attack requirements within reason-
able tolerances.

Unstable wing-fuselage pitching moments were largely controlled by
varying the vertical location of the horizontel tail. Of the locations
tested, the extended wing-chord plane gave the best results.

Rolling moments at the onset of stall were reduced by the use of
partial-span chord extensions.

Ames Aeronsuticel Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Callf., May 10, 1954
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TABLE I.= GEOMETRIC DATA FOR THE MODEL
ﬁﬁng
.Area, 8qQ Phe ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 8 6 s ¢ ¢ a4 ¢ ¢ a o s o s & 2}4'0.29
Span,ft..-..-.......-.....-...... 29.00
ASPeCt 2110 ¢ o o ¢ o g ¢ ¢ ¢ ¢ & s o s s s 0 v ¢ 0 s o o 3.5
Taper T8t10e ¢ o o « ‘ e ¢ @& 8 8 @ % @ @ & & ® ¢ 8 s & & @ 003
Mean aercdynﬂmic Chord, T ¢ « ¢ ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ s « ¢ o @ 9.09
Sweepback of the quarter-chord line, deg o o o 2 a a s s s 45
Dihedral angle, deZe ¢ o ¢ ¢ « s o s o e ¢ & ¢ o @ & 5 & o o
Bagic airfoil section, normal to the quarter-
Chord 1iNE « ¢« ¢ ¢ ¢ ¢« ¢ ¢« s ¢ ¢ ¢« 6 ¢ o ¢ ¢ ¢ o o o o NACA 6’-I-AOlO
Trailing-edge double-slotted flap
Chord in percent of local wing chord, c, constant
Main fl8De ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ o ¢ ¢ o ¢ ¢« o ¢ o a s ¢ ¢ o & & 25
Foreflapo...........- ¢ @ ¢ & @ ¢ e ¢ s o a o 705
Inboard end of flap, £t fram fuselasge center line. « o« « « « 2.30
Outboaxrd end of flap, ft from fuselage center line,
measured at 8205-Percent ChOord « o o« o ¢« ¢ ¢ @ ¢ ¢ ¢ ¢ o & 10.05
Leading-edge slat
Chord in percent of locael wing chord, c, constante « « « o « 17
Ratio of 8lat span t0 WiDZ SDANe « o « o« s o o o « « s o o @ 0.841
Inboard end of slat, £t from fuselage center line
Retractede o ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢ a o o o 2-30
Extended « ¢ ¢« ¢« ¢« ¢ @« ¢ ¢ a ¢ ¢ ¢ o a ¢ & 6 & ¢ s & o o @ 3.12
Horizontel tall
Total area, including blanketed areas, 8Q £t ¢« « ¢ ¢ ¢ o« ¢ T2.32
Span,f't......o.....-......--..-.. 15.91
ABPec't TEE1O o ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢« ¢ ¢ o ¢ ¢ 6 & 6 06 & « o s o @ 3.5
Taperratio. ¢ ® & 8 ® & & ¢ @ 6 8 @ ¢ ¢ ® 8 0 & a & & ¢ o o 0-3
Mean serodynamic Chora., L @« ¢« ¢ s ¢ ¢ ¢ ¢ ¢ ¢ a s o ¢ o o @ 11'099
Sweepback of the quarter-chord line, deg « « o« o « « o o o o L5
Sweepback of 'bhe axis of I'Otation, d.eg @ @ @€ & o & @ o o & o k‘l.W
Dihedral angle, deE e o o o ¢ o o o o o ¢ @« o o o o o o » o}
Airfoll section, normal to the qparter-chord line. « « « NACA 6LAQIO
Tail leng‘th, cﬂl' to c-b/ll" TEL « ¢ ¢ ¢ ¢ o ¢ ¢ o o ¢ & o o & & 13n06
Volume, — X .—__ﬁ- L I R I L 0.L|-3
Fuselage
Over-all length, Fte ¢ ¢ ¢ ¢ ¢ 8 ¢ ¢ o ¢ o 6 6 ¢ a o s o o » ko.48
Meximum width, Fhe ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ « ¢ ¢ ¢ ¢ ¢« a o o & L L6
Base area, approximate, 8q ffe ¢ ¢« o« o R 8.0
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TABIE II.~ COORDINATES OF THE NACA 64LA010 ATRFOIL SECTION

[Dimensions given in percent of alrfoil chord,
measured normel to the wing gquarter-chord line]

Station | Ordinsate
0 o]
5 .80k
<15 <969
1.25 1.225
2.5 1.688
5 2.327
75 2.805
10 3.199
15 3.813
20 4272
25 4.606
30 4.837
35 L.968
ko 4,995
45 I .894
50 L.684
55 4,388
60 Y.021
65 3.597
70 3.127
5 2.623
80 2.103
85 1.582
90 1.062
g5 Sl
100 .021
L.E. radive: 0.687
T.E. radius: 0.023
ﬁqqm‘;,rf



NACA RM A5SLE1Q

TABLE IIT.- COORDINATES OF THE WING LEADING-EDGE HIGH-
LTFT DEVICES AND MODTFICATIONS
[Dimensions given in percent of ailrfoil chord,
measured normal to the wing quarter-chord linel

(a) Slat coordinates

Back of slab “Front Of main wing
Station Ordinste Statlon Ordinate
4,68 -2.26 k.90 -2.30
5.00 "'1036 5.00 "1087
550 =56 5650 -.83
6.00 -.02 6.00 -o2L
Te«50 1.05 T«50 «91
10.00 2.11 10.00 2,0k
15.00 346 15.00 3ol
17«00 3.95 17.00 3.95
(b) Surface coordinates for the ecambered airfoll sections

Ordinstes

Station | 1-percent camber |2-percent camber
nger Lower Upper Lower
0 -1.12 -1-:‘2 —2.00 -2-00

025 .36 - - -

50 «65 -1,62 -.58 2,65
075 .89 -llTl -.31 -'2 .79

1.00 l. 09 "1077 - -
1.25 1l.26 -1.8% W11 -2.99

2.00 1070 ‘2-@ badeadad b
2.50 1.9% -2.15 <91 ~3.27

3.50 2.31 =2.40 ——— ——
5.00 2.72 2Tk 2.02 =3.53
T<50 315 =3.15 2.72 -3.62
10.00 345 -3.45 3.20 ~3.69
15.00 394 -3.94 3.90 =395
820.00 427 =k27 L 27 ~L.27
100.00 -CE -QCE 002 -.02

LeEeradius] 1.10 1.10

Center at (0.99, -0.64) (1.06, -1.70)

&Coordinates from 20-percent chord to the
trailing edge are those of the NACA 64A010

sectilon.
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TABLE IVe.- COORDINATES OF THE WING LEADING-EDGE
CHORD EXTENSION = )

[Dimensions given in percert wuf airfoll chord,

measured normsl to the wing quexrter=-chord line]

Ordinates
Station Upper Lower
=15.00 =2.00 | =2.00
-14.50 =55 | =2.65
14,25 =27 | 2479
"13-75 olll' -2099
=12.50 S84 | =3.19
-10,00 1.63 | =3.31
-7 [ 50 2 . ll -3 . 38
=500 2. | -3,k
o 2.94 | =3.53
5 .00 3 . 32 "'3 . 60
l0.00 3.65 "'3.69
15.00 3.96 | =3.95
20,00 k27 | -h.27
LeE. radius: 1.10
Center at (=13.94, =1.70)

TCoordinates from 20-percent
chord to the trailing edge
are those of the NACA 64AQ10

section.
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TABLE V.- COORDINATES OF THE DOUBLE-SLOTTED FLAPS

[Dimensions given in percent of airfoll chord, measured
normal to the wing quarter-chord line]

Msin fliap Fore flap
Ordinates Ordinates
Station Station
Upper Lower Upper Lower
75.00 |-1.00 | 68.80 | o

T5.15 -.37 | -1.56 69.22 .95 | =0.93
T5.30 -.08 | -1.71 69.63 1.31 | -1.1hk
T5.59 2T | =196 T70.05 1.52 | -1.20
75.88 S | =2.10 TOHT 1.67 | -1.11

76.18 .75 | -2.18 T0.88 1.72 | -=.85
T6.7T 1.06 .| -2.29 Ti.T2 1.74 ~-.36
TT7.35 1.27 | -2.30 T2.55 1.64 -.02
T7.9% 1.1 | -2.30 T73.38 1.43 .18
T8.53 1.50 | -2.26 T .22 1.13 27
79.71 1.59 | -2.1k T5.05 TS .25
80.88 1.6% | -2.00 75.88 .28 A1
82.06 1.65 | -1.88 T76.30 0 o]
83.24 1.63 | =1.76

8k .41 1.58 | -1.64

85.00 1.55 | -1.58 | L.E. radius: 1.20
86.25 1.22 -1.22

90000 l- “l- VW
95000 05]4‘ -05)"‘
lO0.00 .02 --02

L.E. radius: 0.95
T.E. radius: 0.02
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TABLE VI.- COMPARISONS OF PREDICTED AND MEASURED
VALUES OF Cp, AND q

Wing CLJ- @1, deg
leading ey oo Fredicted Measured |Predicted | Measured
edge Uhadjusted]fAdjusted
Without trailing-edge flaps
Plain {1.10 0.46 0.58 0.70 1i.1 12.2
l-percent
camber |1.62 67 .84 .8l 16.0 14,6
2-percent
camber {l.71 .72 «90 9% 17.2 17.7
Tralling~edge flaps deflected
Slat 3.26 1.27 1.46 1.45 15.1 1.8
l-percent
camber {3.1k 1.22 1.h0 1.32 13.9 11.9
2-percent
camber |[3.23 1.26 1.45 L.kl 1h.9 13.6
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Dimensions in feet
except as noted

Double-slotted
flap deflected y

Slat
extended

NACA 64A010—"

Er‘ 42.67 l
|

Figure 1.~ Three-view sketch of the model.
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Double-siotted flap . _L(

I 15¢ |

2 -percent-camber section with chord extension
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Figure 2.- Detalls of the various wing leading-edge devices and of the
double~slotted wing trailing-edge flaps.
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The model installed in the wind tunnel.

Figure 3.-
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/—Requlre_d liff incremem‘_

Type of flap

Double-slotted

CL
f Wing-fuselage
. — juncture //</r//
' ~ Split
A
_ /
/
2
0 i | | ] 1 i
.8

.6

Outboard end of flop, 9

1.0

Figure 4.~ Varistion of flap 1lift increment at o° angle of attack with
Flap~chord ratio of 0.25.

flap span for several types of flaps.
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Figure 5.~ Correlation of the predicted and measured values of CLl for several swept-wing plan
forms. .
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® | ® ® @
Wing .15
leading| C . [ ¢ |O-® S
edge X
——{Plain 67 .32 929 1i4
— — [Modified] .67 .55 .22 1.40
1.8
p Initlal section stall
L6 | :L__.imif &=I.5'_?_ J\
B ¢y for CL=I.22 / \
L4 |- )’ Limit ¢,
}_Limh‘ c,=1.3! _ s {
Lz F | d ‘ \
/ N\
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1.0 F
¢ = N \
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\
_6 c} for CLQBEE—— e /—_\
//
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| .
- fi =.32
|
2
rrFUSehge >l Flap span -
o L k1 |
0 ! 2 .3 4 5 6 N .8 9 1.0

Figure 6.~ Theoretical section-lift-coefficient distribution at Cr,
for the model with trailing-edge flaps deflected.
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1.6
Flaps deflected
2 +—
.8 —
CLI Without flaps
- 4 Wing-fusel
ng-fuselage
~—  Juncture
o | | | | [ : | | |

o 2 4 .6 .8 1.0
Inboard end of slats, 9

Figure T.- Variation of Cr, with slat spen for the model with and
without trailing-edge fleps.
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-=— Equal peak pressures

1
~

|
[$)]
I pu— Rpu—
4,L’—-"'==’==_

Leading edge

x/¢

s
P W Plain
-3 RNAN /_ I percent camber
\ /_ 2 percent camber
TN 7
-2 \) \\/
NV N
| \\\ NQ\\\\\\
\'\\\:5\\:§-\
— =
° I~
==
[ &44—2/ I Wk~
o A 2 3 4 5 P s ° o

Figure 8.- Theoretical pressure distributions for the NACA 64A0LO
section with and without modified lesading edges at their estimated

Clmax Values.
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Fignre 9.~ Aerodynamilc characteristics of the wing-~fuselege conflgurations.
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Figure 10.- Aerodynamic characteristics of the complete model with the plain wing leading edge;

flaps up; varlous horizmontal tail helghta.
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Figure 1l.- Aerodynamic characteristics of the complete model with the plain wing leading edge

and wlth slate extended; flaps down; various horizontel-tail helghts.
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Figure 11.- Concluded.,
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Flgure 12.- Aercdynemic characterlsticas of the complete model with the l-percent-camber wing
leading edge; fleps up; horizontal teil in the low position.
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Flgure 13.~ Aerodynemic characterlistics of the complete model with the l-percent-camber wing
lending edge; fleps down; various horizontael-tall heights.
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Figure 1%.- Aerodynsmic cheracteristics of the model with the 2~percent-cember wing leading edge;
horizontal tall in the low positiom.

FAS




1.6

w
o
1.4 s T
2 1] 3
el - O 0
qu ~
|7
[.0
. J
CL -
.6 5,
Flaps o
down
)
g
.2
Flaps
A4 17
0 4
/
g
-2
.08 .04 o -04 -.08 -.CI:Z -l6 -20 =-24 -28 =32 -02
m

(b) C; and Cp ve. Cf,

3
)
2
g
g
&

Figure 14.- Concluded.,




Y

=

L6

14 Wing leading edge

X /] ?paumﬂ!imgm'-"--~ﬂ“ L

L percent comber S e
A—<— pian W4 4
12 2] pAR)
,:,/ Aﬁ’.ﬁ
0 /a /
4;#
8 ’ /"/,
/ 7
6 A /
L
C
L
4 / _///
/ y’
2 / )7
z// ,//
o ¥ ~
7 - i
L, L/ ’ TR
-4 0 4 8 2 16 20 24
a, deg 04 0 -4 -08 -2 =16 -20 -24 -28 =32 ~36
. Cim

Figure 15.~ Lift and pitching-moment characteristics of the model with the horizontal teil in

() Flaps up.

the low position.
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Figure 16.~ Aerodynemic charscteristics of the complete model with the plain wing leading edge;
flape up; horizontal tail in the mid-positlon; various tall incidences.
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Figure 1T.~ Downwash characteristics at the horizontal tall.
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Figure 18,-~ Effecta of a half-span, wing, leading-edge, chord extension on the aerodynamic char-
acterigtics of the model with P2-percent-camber sections; flapa down; low horizontal tail. &




- :“ ""'"\ — —— N — %p --"",—'
‘--l'-;z" /',‘ j +
" K4
// ,1/ ‘
/G /// 'q)
pa’ 1
|/ I
)Y '
7 - Chord
/G extension
/ 4
N7 \E o
N7
4
/
o 5
I 1
-04 -08 -1z =16 -20 -24 -28 =32 =36 -40
=04 =02 OC-‘ 02

(b) C, and Cm vB. Cp
Figure 18.~ Concluded.,

=
&
Z
=




6 T
Sinking speed, ft/sec 20
T
Wing feading edge
_{F\"{ Slats
.2 r\ 2 percent camber
R\N | percent comber
N\AL ™

)
j ] Flaps
.4 down
Flaps o
} - up Wing loading
| ] ’ 50 |b/sg ft
0
0 4 B8 12
Lp 0 .08 18 249 A0

Figure 19.- The lift-drag ratlos and power-off-glide glnk-speed characterlstics of the models with
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the tail In the low position trimmed with a center of gravity located at 0.31C.
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Figure 20.- Lift characterlstics of the models with the horizontal tail
in the low position trimmed with & center of gravity located at 0O.31c.
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